The present study examined the influence of attentional focus on performance during a long-distance throwing task. Twelve participants executed three maximum-effort, long-distance baseball throwing attempts in three focus conditions: internal focus on wrist flexion (wrist internal focus), internal focus on the separation between pelvis and upper torso orientations (torso internal focus), and external focus on the ball path (external focus). Compared with the external focus and torso internal focus conditions, performance was poorer in the wrist internal focus condition. Performances were not different in the torso internal and external focus conditions. In addition, attentional focus affected the release angle of the ball but not its initial velocity. Our results reveal that the body part targeted for internal focus of attention and the forcefulness of the motor activity can be as important to motor performance as whether the attention is internal or external.
Introduction
Attentional focus affects motor performance, as shown by studies comparing the impacts of internal and external foci, with past research suggesting that external focus (e.g., focus on movement effect) typically brings about better performance than internal focus (e.g., focus on movement execution) in a variety of tasks (Wulf, 2007a) . When trying to explain this finding in their own study, Wulf, McNevin, and Shea (2001) proposed the constrained action hypothesis. The hypothesis claims that:
Focusing on the movement effect (i.e., adopting an external focus) promotes a more automatic type of control. It takes advantage of unconscious and reflective processes and allows them to control our movements to a greater extent. As a result, performance and learning are enhanced. (Wulf, 2007b, p. 114) The beneficial effects of an external focus on motor learning and performance have been demonstrated in dart throwing (Lohse, Sherwood, & Healy, 2010; Marchant, Clough, & Crawshaw, 2007; Marchant, Clough, Crawshaw, & Andrew, 2009) , balancing tasks (McNevin, Shea, & Wulf, 2003; Shea & Wulf, 1999; Wulf, Weigelt, Poulter, & McNevin, 2003) , and golfing (e.g., putting and pitch shots; Bell & Hardy, 2009; Poolton, Maxwell, Masters, & Raab, 2006) . It must be noted, however, that while demanding a high degree of accuracy, tasks utilized in these previous studies involved a relatively small force. There have been few detailed examinations, to date, exploring whether past findings would be replicated with tasks that require greater force and whole body coordination (Ille, Selin, Do, & Thon, 2013; Zarghami, Saemi, & Fathi, 2012) .
Past studies on the relationship between attentional focus and physical performance have often divided the target of external focus into various points of distance (e.g., proximal and distal) and tried to determine which specific focal distance brought about the most effective performance in a particular activity (Bell & Hardy, 2009; McNevin et al., 2003) . However, while studies on internal focus and its impact on performance have had participants focus on such movement aspects as general execution, breathing, and how the body feels (Schu¨cker, Knopf, Strauss, & Hagemann, 2014) , there have been no studies directing participants to focus separately on two or more body parts while performing a task and comparing the effects among participants. Several previous studies on the relationship between attentional focus and performance employed throwing movements, including shooting basketballs from the free-throw line (Zachry, Wulf, Mercer, & Bezodis, 2005) and discus throwing (Zarghami et al., 2012) . Participants in these studies were instructed to shift their internal focus to their wrists while performing their throws. However, while detailed biomechanical studies have found that the separation angle between the pelvis and the upper torso plays an important role in throwing (Chu, Fleisig, Simpson, & Andrews, 2009; Stodden, Fleisig, Langendorfer, & Andrews, 2006) , this internal focus has not been studied for throwing activities.
Most previous studies examining the effects of attentional focus on motor learning and performance have used performance results (e.g., the distance from the center of the dartboard) as a dependent variable, while few have assessed the kinematic variables (e.g., elbow flexion and angular velocity) that influence performance (Lohse et al., 2010) . There is a need to examine kinematic variables as an index to fully understand how internal and external foci affect performance.
The present study sought to further advance an understanding of the effects of varying attentional foci with the following improved research methods and new ideas: (a) we examined whether prior research on internal focus would be applicable to large force, whole body movements associated with a long-distance baseball throw; (b) in different conditions, we directed participants' internal focus toward one of two different body movements that have been found specifically relevant to throwing-wrist flexion and the separation angle between the pelvis and upper torso; and (c) we utilized both performance results and kinematic measures as dependent variables. We instructed participants toward an external focus and toward two different internal focus conditions and formulated two hypotheses: (a) an external focus will be more effective than an internal focus in a full body activity and (b) an internal focus will affect both performance and kinematic variables differently, depending on what body parts are targeted for focus.
Method Participants
Twelve right-handed undergraduate male baseball players participated in this study (mean age ¼ 21.3 years, SD ¼ 1.4; mean competitive playing experience ¼ 12.3 years, SD ¼ 1.5). All participants were free from injury. Prior to participation, all participants were informed of the experimental procedures and gave written informed consent. All procedures were conducted in accordance with the ethical principles described in the Declaration of Helsinki and were approved by the University's institutional ethics committee.
Apparatus
All participants performed the task on a field using standard baseballs (weight ¼ 149-150 g, diameter ¼ 22.9-23.5 cm). A digital video camera (120 fps, EX-FH100, Casio; Tokyo, Japan) measured the release velocity and angle of the ball upon release. Participants wore PLATO goggles (Translucent Technologies; Toronto, Ontario, Canada), which are portable liquid crystal goggles for tachistoscopic occlusion, to occlude visual information.
Experimental Task and Conditions
Each participant executed long-distance baseball throws with his dominant hand (i.e., right hand) in baseline trials without instructional focus and in experimental trials in the following three attentional focus conditions: wrist internal focus, torso internal focus, and external focus. In all attempts, participants were instructed to use maximum strength. In the baseline trials, they were asked to throw the ball without any specific instructions with regard to attentional focus; in the wrist internal focus condition, they were instructed to focus on the motion of their arms during the throw and, specifically, on the quick flexion of their wrist; in the torso internal focus condition, they were instructed to focus on the motion of their torso during the throw and, specifically on the twist; and in the external focus condition, they were instructed to focus on the flight of the ball. We gave the same verbal instruction to all participants in all attempts.
Procedures
After warming up, consisting of running, stretching exercise, and baseball throws with submaximal force, participants were provided with the PLATO goggles. Each experimental session was divided into four blocks. During each block, participants completed three maximum-effort trials in which they were asked to throw balls using maximum strength. First, each participant performed three throws in the baseline trials in which no explicit instructions were given on how to focus their attention. Subsequently, the order of the three experimental conditions (wrist internal focus, torso internal focus, and external focus) was counterbalanced among participants (6 orders Â 2 participants). Prior to each trial, participants received appropriate attentional instructions to help them maintain attentional focus. After each ball was released, the experimenter manually shut the PLATO goggles as the throwing arm reached its lowest point so as to occlude further visual feedback. Participants received approximately 60 seconds of rest between trials in each experimental block.
As a check of the experimental manipulation, all participants were asked three questions after finishing the task in each condition. These questions were designed to assess the application of appropriate attentional focus during task execution. They were: (a) ''To what extent were you focused on the flexion of your wrist as you executed your distance throw? '', (b) ''To what extent were you focused on the twisting of your torso as you executed your distance throw? '', and (c) ''To what extent were you focused on the flight of the ball as you executed your distance throw?''. Responses to these questions were provided on a Likert-type scale ranging from 1 (not at all) to 5 (very much).
Data Analysis
Throwing distance (in meters) was defined as the distance between the pivot leg (i.e., right leg) and the spot at which the ball landed. The initial velocity and the release angle of the ball were measured using the two-dimensional direct linear transformation method with a picture analysis system (Frame-DIAS IV, DKH; Tokyo, Japan). Initial ball velocity was calculated using the derivative of the two-dimensional displacement data, and the release angle of the ball was calculated from the fitting of the displacement data obtained during the 67 millisecond period after the release (three frames). For each participant, the mean values of the throwing distance, initial velocity, and throwing angle were calculated by averaging the results of their throws in each attentional focus condition.
As we were interested in comparing data from the three attentional focus conditions, data were analyzed with one-way repeated measures analysis of variance (ANOVA) that regarded attentional focus (wrist internal, torso internal, and external) as a within-subject dependent variable. The Greenhouse-Geisser adjustment for significance was used when the sphericity assumption was violated, and partial eta-squared ( 2 p ) values were calculated as a measure of effect size. When a significant main effect was revealed by one-way ANOVA, Tukey's post hoc multiple comparison tests were conducted to identify the variables that differed. In addition, intraclass correlation coefficients (ICCs) were calculated to assess the between-trial reliability values in each condition. SPSS version 22.0 software (IBM Corp.; Armonk, NY, USA) was used to conduct all analyses, and p values < .05 indicated statistical significance.
Results
Responses to the Likert-rated attentional questions indicated that all participants directed their focus as instructed during the manipulation of attentional focus in the experiment. These responses were analyzed from a within-subject perspective, and the mean scores are presented in Table 1 .
Throwing Distance
The mean throwing distances of each participant are presented in Table 2 ; the ICC (1,3) values were greater than 0.9 in all conditions, which indicate high levels of reliability. The mean throwing distances in each attentional condition are illustrated in Figure 1 , and the main effect of each attentional condition on throwing distance was significant, F(2, 22) ¼ 9.12, p < .01, 2 p ¼ .45. Post hoc analyses revealed that the throwing distances in the external focus and torso internal focus conditions were significantly longer than those in the wrist internal focus condition (p < .01 and p < .05, respectively).
Kinematic Data Regarding the Ball Throws
High levels of reliability (ICC [1,3] > 0.8, range: 0.88-0.98) were observed in all conditions. The mean release angle of the ball and initial ball velocities in each attentional condition are illustrated in Figure 2 . There was a significant main effect for the attentional condition on the release angle of the ball, F(2,22) ¼ 3.51, p < .05, 2 p ¼ .25. Post hoc analyses revealed that the release angle of the ball in the external focus condition was significantly greater than that in the wrist internal focus condition (p < .05; Figure 2(a) ). The main effect 
Discussion
Using a long-distance baseball-throwing task, the present study demonstrated that performance varies when internal attention is focused on different body parts (i.e., the wrist versus the torso), and, in contrast to previous research indicating that an internal focus is detrimental to performance, certain types of internal focus (i.e., a focus on the twisting of the torso in a long-distance baseball throwing task) resulted in a performance that was not significantly different from that achieved with an external focus. Previous studies investigating attentional focus have utilized tasks involving small-muscle movement accuracy, such as dart throwing (e.g., Abdollahipour, Psotta, Nieto, Rouzbahani, Nikdast, & Bahram, 2014; Shafizadeh, Platt, & Bahram, 2013) and putting and pitching in golf (e.g., Perkins-Ceccato, Passmore, & Lee, 2003; Shafizadeh, McMorris, & Sproule, 2011) . While these studies found that an external focus led to better performance, tasks that demand accuracy are inevitably and strongly affected by accidental elements or subtle factors, and we aimed to determine whether these previous findings could be generalized to tasks involving greater force or whole body movement. We also were able to compare performance effects of internal focus on a smaller muscle group (the wrist) with internal focus on a larger muscle group (the torso). Not only do our results show some performance benefit to an external focus in a task requiring full-body movement and the generation of full force, we also demonstrated that an internal focus on a larger muscle group may yield a comparable performance to one achieved by an external focus.
Previous studies have determined the effects of different external points of focus on performance. Bell and Hardy (2009) used a golf pitch shot as a task and established two conditions related to an external focus: a distal external focus condition (i.e., focusing on the flight of the ball, particularly the direction in which participants intended to send the ball, after it left the clubface) and a proximal external focus condition (i.e., focusing on the position of the clubface through the swing, especially keeping the clubface square through impact). These authors found that a distal external focus resulted in better performance than a proximal external focus. McNevin et al. (2003) used a stabilometer task with an external focus split into three conditions: near (i.e., focus on a marker positioned in front of the toes), far-inside (i.e., focus on a marker located in the middle of the platform), and far-outside (i.e., focus on a marker located outside the platform). They found that performance was better in the far-inside and faroutside conditions compared with that in the near condition. These previous results have revealed that, in the external focus conditions, the effects of attention on performance differ depending on the target at which attention is directed. In our study, instead of two external points of focus, we set two internal points of focus and compared the results with a similar conclusion.
We required that attention be directed to a small-muscle group (the wrist) and a large-muscle group (the torso). Previous studies have used relatively small muscles with an internal focus directed toward the wrists (basketball free throw), feet (balance tasks), or other internal focus areas. The results of these studies suggest that internal focus inhibits the automation of movement and inhibits performance. The present results, however, suggest that, for throwing activity, a weaker performance from an internal focus is apt to be associated with internal attention directed to small rather than larger muscles. Since other research reported that large muscle movement involving the pelvis and the angular separation of the upper torso (twisting of the torso) is important to large force throwing skills (Chu et al., 2009; Stodden et al., 2006) , we also directed participants to focus internal attention on those large muscles. We then found better performance in this internal focus condition than when internal attention was directed toward the wrist. In fact, internal attention directed to the torso resulted in performance that was not statistically different from performance with an external focus. These findings suggest that the effectiveness of an internal focus may depend on whether the internal focus involves the most important targeted muscle movement for the specific task. Thus, our findings suggest an important new research paradigm. Rather than conducting simple internal versus external attentional focus performance comparisons, researchers should conduct more detailed analyses muscles to targets for internal attention focus, perhaps noting particularly whether internal targets should involve small or large muscles for the task at hand.
Of note, not all researchers have found the external focus advantage (Agar, Humphries, Naquin, Hebert, & Wood, 2016; Chow, Woo, & Koh, 2014) . Some previous studies have also shown that the effects of attention on performance differ depending on the type of internal focus. Schu¨cker et al. (2014) employed an endurance-running task and investigated the effects of internal focus by directing attention toward movement execution, breathing, and the feeling of the body. Attention directed at breathing and attention directed at movement execution resulted in poorer performance compared with attention directed at the feeling of the body. The present study also found different internal focus results for two different internal focus body locations.
In terms of kinematic variables, the present results indicate that variations in throwing distance due to differences in attentional focus were mainly the result of changes in the angle at which the ball was thrown, rather than changes in the initial velocity of the ball. Therefore, variations in attentional focus did not affect the speed of movement but did affect the form of the movement. A few other studies have examined the relationship between kinematic variables and attentional focus. For example, studies using electromyography (EMG) measurements during a basketball free-throw task (Zachry et al., 2005) and an arm-curl task (Vance, Wulf, To¨llner, McNevin, & Mercer, 2004) revealed that an external focus resulted in a lower EMG signal compared with an internal focus. Lohse et al. (2010) employed a dart task and evaluated EMG data as well as kinematic variables such as the angle of the shoulders, bending angle of the elbows, throwing movement duration, and angular velocity of darts. Other studies have measured deviations in center of gravity (Wulf, Zachry, Granados, & Dufek, 2007) . However, previous studies investigating the relationship between attention and performance typically used performance or the final results of movement as the dependent variable, rather than measuring kinematics directly. This study advanced this literature by clarifying the effects of attentional focus on performance in greater detail, evaluating both movement results and movement quality.
The present study revealed the effect of attentional focus on the performance of a long-distance baseball throwing task that required whole-body movements. The findings suggest that external focus on the path of the ball and internal focus on the torso are more effective than internal focus on the wrist when aiming to achieve higher performance in the long-distance throw. However, it remains unresolved whether these findings are applicable to participants with various skill levels and ages. Future research on the influence of attentional focus in participants of different skill levels and ages is needed. Further research is also needed to examine the specific effectiveness of varied internal targets of attentional focus for different whole body skills and to explore what various quality of movement may be optimal for higher performance at various specific tasks.
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